the Department of Environment and Primary Industries as infected following confirmatory tests for Johne's disease in the recent past. Samples of colostrum, blood, and feces were collected from 34 Jersey cows, which ranged in age from 2 to 7 years. The samples of colostrum were collected within 12 hr of parturition, and the blood and fecal samples were collected 30-60 days postparturition. The samples of colostrum were initially stored at -20°C until all colostrum samples had been collected. The blood and colostrum samples were transported overnight on ice following collection. The blood samples were centrifuged at 1,157 × g for 10 min to separate the serum, and the samples of colostrum and serum were stored at -80°C until testing of samples could be performed.
The fecal samples were transported overnight on ice and were tested using fecal culture (FC, reference test; http://www. scahls.org.au/Procedures/Documents/ANZSDP/Johnes_Dis ease_Quality_Plan_2010.pdf ) and a high-throughput Johne's polymerase chain reaction (HT-J PCR) assay (http://www. scahls.org.au/LabTests/Documents/Approved/HT-J_test_ method_protocol.pdf ), with both tests being performed by the Biosciences Research Division of the Department of Environment and Primary Industries (Bundoora, Victoria, Australia). Cows were determined to be infected with MAP based on a positive FC result. The serum and colostrum samples were tested using a MAP antibody ELISA. a All samples were diluted 1:2, 1:5, 1:10, 1:20, 1:40, 1:80, and 1:100 using the diluent supplied with the ELISA kit. Each sample was tested in triplicate using 100-μL aliquots. Absorbance (optical density, OD) was measured at 250 nm. b The results were expressed as sample-topositive (S/P) ratios.
A receiver operating characteristic (ROC) analysis was performed to determine the sensitivity and specificity of serum and colostrum relative to FC. Relative sensitivity (Se) and relative specificity (Sp) were defined and calculated as follows:
Se no of FC-positive cows that tested ELISA positive tota = .
l l no of FC-positive cows 1 .
× 00
Sp no of FC-negative cows that tested ELISA negative tota = .
l l no of FC-negative cows 1 .
An area under the curve (AUC) analysis was also performed for serum and colostrum, at each dilution, using commercial software. c Binomial exact 95% confidence intervals (95% CIs) were calculated for relative Se, relative Sp, and the AUC. Using FC as the reference test, fecal samples from 4 cows (12%) had results consistent with MAP infection, and were determined to be positive, while fecal samples from 30 cows (88%) had no results consistent with MAP infection and were determined to be negative. FC and HT-J PCR showed concordant results for 88% of the samples, with both tests determining the same 30 cows to be negative. The HT-J PCR did not detect any cows that had positive FC for MAP.
Using the manufacturer's recommended dilution for serum of 1:20 and recommended S/P ratio cutoff threshold of 0.15, the relative Se and Sp for colostrum was 0% (95% CI: 0-60%) and 97% (95% CI: 83-100%), respectively, which was not significantly different when compared with the relative Se and Sp for serum (Se: 0%, 95% CI: 0-60%; Sp: 100%, 95% CI: 88-100%; Table 1 ). The associated AUC for serum and colostrum at a 1:20 dilution was 0.56 (95% CI: 0.38-0.73) and 0.63 (95% CI: 0.45-0.79), respectively (Table 1) .
With a decrease in dilution to 1:5 and the same S/P ratio cutoff threshold of 0.15, the relative Se and Sp for colostrum was 75% (95% CI: 19-99%) and 90% (95% CI: 73-98%), respectively. The relative Se for colostrum was higher when compared to serum at the same dilution and S/P cutoff threshold (Se: 0%, 95% CI: 0-60%; Sp: 100%, 95% CI: 88-100%) ( Table 1 ). The associated AUC for serum and colostrum diluted 1:5 was 0.55 (95% CI: 0.30-0.72) and 0.73 (95% CI: 0.55-0.87), respectively ( Table 1) .
Using the same sample dilution of 1:5 and the manufacturer's recommended S/P ratio cutoff threshold for milk of 0.1, the relative Se and Sp for colostrum was 75% (95% CI: 19-99%) and 67% (95% CI: 47-83%), respectively. The relative Se for colostrum was higher when compared to serum at the same dilution and S/P ratio cutoff threshold (Se: 0%, 95% CI: 0-60%; Sp: 100%, 95% CI: 88-100%).
FC was used as the reference test for the fecal samples in the current study and compared to the HT-J PCR assay. In our study, only 4 of the 34 cows had FC results consistent with MAP infection; however, the HT-J PCR determined that all animals tested in our study were negative. The HT-J PCR was originally based on research performed using direct quantitative real-time (q)PCR, where 8 out of 13 experimentally infected FC-positive sheep, 24 out of 40 MAP-exposed, FC-negative sheep, and 68 out of 69 MAP-exposed, FCpositive sheep tested positive by PCR. 5 A 2014 study that investigated the HT-J PCR using Australian cattle and sheep populations found that in 870 cattle, 111 were FC positive and 124 were HT-J PCR positive, while in 507 sheep, 111 were FC positive and 117 were HT-J PCR positive. 7 However, that study 7 also attempted to identify fecal samples that were known to contain very low numbers of MAP, as the identification of subclinically infected animals is of particular importance with regard to maintenance of infection. The study found that replicate qPCR assays had variable detection rates when using samples that contained low MAP numbers. 7 The study also showed that the agreement between the HT-J PCR and radiometric culture decreased with decreasing numbers of MAP in the original sample, as culture was performed on a separate aliquot to what was used for HT-J PCR. 7 As such, the HT-J PCR has been recommended as a flock and herd test, rather than individual animal testing. 7 It is possible that the low numbers of FC-positive cows identified in our study was caused by the presence of subclinical infection in the study herd, therefore the fecal samples tested contained very low numbers of MAP, reducing the identification of infected animals. Using the manufacturer's recommended S/P ratio cutoff threshold of 0.15 and 1:20 dilution, the relative Se and Sp for colostrum and serum were not significantly different (i.e., relative Se was low and relative Sp was high for both samples). Additionally, with a reduction in sample dilution and the same S/P ratio cutoff threshold of 0.15, there was no observed improvement in the relative Se of serum. However, using a 1:5 dilution and the manufacturer's recommended S/P ratio cutoff threshold of 0.15, the relative Se for colostrum was higher (75%) when compared to serum (0%), while maintaining a high relative Sp.
The dilution of serum at 1:20 is a commonly used method for the detection of MAP antibodies by ELISA. 6, 10 As mentioned previously, it is likely that the herd selected for testing in our study was subclinically infected. During subclinical infection, animals respond with a strong CMI response. As the disease progresses, the CMI response decreases and is replaced by a strong humoral immune response. 9 Therefore, as the ELISA is detecting specific antibody (humoral immune response), the detection of subclinically infected animals is impaired. However, our study shows that the testing of colostrum in ELISA at dilutions <1:20 may improve the detection of subclinically MAP-infected animals when compared with serum.
It should be noted that serum and colostrum were not collected at the same time during our study. During the process of colostrogenesis, transfer of immunoglobulins into colostrum from maternal serum can begin 2-3 weeks prior to parturition, ceasing immediately prior to or at the onset of lactation. 3 The collection of serum 30-60 days after parturition in our study allowed for the immunoglobulin concentrations in maternal serum to return to more normal higher concentrations, which occurs within 28 days following parturition. 3 We believe that the comparison of serum and colostrum at different time points in our study allowed for a fairer comparison of the 2 samples, without the processes of colostrogenesis influencing the results.
Considering the potential subclinical status of the herd tested in this study, it is possible that colostrum may provide improved identification of animals in the early stages of MAP infection when compared to serum. However, these results warrant further investigation because of the small number of animals used in this study.
